ABSTRACT Electrical activity in the form of action potentials (spikes) was discovered in normal anterior pituitary cells obtained from rats by tissue dissociation and maintained in culture. Passage The anterior pituitary gland is a composite endocrine organ made up of several cell types secreting different hormones. The secretory activity of the various cells is regulated by the brain through specific stimulant or inhibitory substances (hypophysiotropic hormones) that are elaborated by neurosecretory fibers in the hypothalamus and delivered into the blood supply that courses to the anterior pituitary gland. How the individual gland cells recognize, and respond to, the various hypophysiotropic hormones is a central question in endocrinology to which there are only fragmentary answers (1-3). This particular issue is, however, but one facet of the more general problem of stimulus-secretion coupling. Within this broader context a pattern can often be discerned in which a stimulus for secretion (secretagogue) acts on the plasma membrane of the cell to promote influx of calcium ions, which then mediate the secretory response (4, 5). Sometimes the calcium entry is a consequence of action potentials. Neurons and neurosecretory fibers are the most familiar and clear-cut examples (5, 6), but action potentials have also been detected in endocrine cells of the pancreas (7, 8) and adrenal medulla (9, 10). Moreover, the possibility of a wider involvement of such electrical activity in the normal control of endocrine function has recently been raised by electrophysiological studies on several transformed (neoplastic) cell types of supposed endocrine origin (11) including a pituitary adenomatous (GH3) cell line (12).
The anterior pituitary gland is a composite endocrine organ made up of several cell types secreting different hormones. The secretory activity of the various cells is regulated by the brain through specific stimulant or inhibitory substances (hypophysiotropic hormones) that are elaborated by neurosecretory fibers in the hypothalamus and delivered into the blood supply that courses to the anterior pituitary gland. How the individual gland cells recognize, and respond to, the various hypophysiotropic hormones is a central question in endocrinology to which there are only fragmentary answers (1) (2) (3) . This particular issue is, however, but one facet of the more general problem of stimulus-secretion coupling. Within this broader context a pattern can often be discerned in which a stimulus for secretion (secretagogue) acts on the plasma membrane of the cell to promote influx of calcium ions, which then mediate the secretory response (4, 5) . Sometimes the calcium entry is a consequence of action potentials. Neurons and neurosecretory fibers are the most familiar and clear-cut examples (5, 6) , but action potentials have also been detected in endocrine cells of the pancreas (7, 8) and adrenal medulla (9, 10) . Moreover, the possibility of a wider involvement of such electrical activity in the normal control of endocrine function has recently been raised by electrophysiological studies on several transformed (neoplastic) cell types of supposed endocrine origin (11) including a pituitary adenomatous (GH3) cell line (12) .
Our purpose here is to report the discovery, in normal anterior pituitary cells, of electrical activity (action potentials, spikes) that is increased by an identified stimulant hypophysiotropic hormone, thyrotropin-releasing hormone (TRH), and to provide evidence that spikes in adenohypophyseal cells involve a calcium component and may participate in stimulus-secretion coupling.
METHODS AND MATERIALS To prepare each batch of cells, anterior pituitaries from 5 to 10 male (350-450 g) or lactating female (330-400 g ) rats were dissociated using the method of Hopkins and Farquhar (13) except that 25 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (Hepes)/NaOH buffer (pH 7.4) was used in place of bicarbonate buffer in the dissociation media. Portions containing approximately 106 cells were maintained in individual Falcon dishes (35-mm diameter) in 2 ml of Ham's F-10 nutrient mixture (GIBCO) supplemented with 12.5% horse serum, 2.5% fetal calf serum, penicillin at 100 units/ml, and streptomycin at 100 ,ug/ml in a 5% C02/air atmosphere at 37°. After 1 or more days the culture medium was replaced by recording solution and the dish was placed on the stage of an inverted microscope allowing phase contrast observation at 800X magnification. For the first day or so, the adenohypophyseal cells, although attached, were round and relatively easily recorded from with the suction electrode. Thereafter, they became increasingly flat and for this reason recording became increasingly difficult. Nevertheless, successful recordings were commonly obtained up to (2 ,uM) , the well-known blocker of sodium spikes (15) (16) (17) , and also when all the sodium in the solution was replaced with Tris ( Fig. 2) or mannitol. On the other hand, they were suppressed by D600 (10 tg/ml), a substance known to block calcium channels (18, 19) . This drug reduced both the amplitude and frequency of the spikes, sometimes abolishing them, and its effects were wholly or partially reversible (Fig. 3) . Lanthanum (1 mM), another blocker of calcium channels (19) (20) (21) , also reversibly inhibited the action potentials.
In 12 cells (about 10% of those tested) TRH (5 or 50 nM) elicited action potentials, causing them to appear in previously silent cells (Fig. 4a) or to increase in frequency in cells spontaneously active (Fig. 4b) . The TRH-induced action potentials typically appeared abruptly within a few seconds of positioning the delivery pipette, rapidly reached a maximum frequency which sometimes exceeded 10 Hz, and slowly returned to the control level when the delivery pipette was removed (Fig. 4) . Such responses could be repeatedly elicited from the same cell, thus the record of Fig. 4a (11) , including a line (GH3) from a pituitary adenoma, where spiking increased in response to TRH (12) . The electrical activity observed in neoplastic cells could, of course, be a peculiarity resulting from differentiation and hence not representative of normal function. However, there is precedent for electrical activity in normal endocrine cells, including certain adenohypophyseal cells. Thus, Davis and Hadley (24) have observed potential oscillations in pars intermedia, which they suggest are "most probably depolarizations." And, there are demonstrations of spiking in d cells of the endocrine pancreas (7, 8) and chromaffin cells of the adrenal medulla (9, 10 cretagogues, glucose and acetylcholine, respectively (7, 9, 10, 27) . One reasonable inference, therefore, is that the TRHinduced spikes are involved in stimulus-secretion coupling. In line with this is our observation of a vigorous discharge of spikes with TRH at a concentration (5 nM) that provides a highly effective stimulus for secretion of TSH and prolactin from dispersed and cultured rat adenohypophyseal cells (26 In ligbt of evidence that calcium entry provides an adequate stimulus for release of adenohypophyseal hormones (3, 28) , our observations suggest to us that action potentials, involving calcium ions as charge carriers, participate in stimulus-secretion coupling, and that it is by initiating or modulating action potentials that the brain, through the hypophysiotropic hormones, regulates secretion in the anterior pituitary.
